2+ during signaling processes because they are positioned very near to either the sites of intracellular release (by IP 3 , for example) or sites of entry across the plasma membrane (for example, through store-operated or voltage activated channels; for a review see [7] ). Ca 2+ activates several key enzymes in the mitochondrial matrix to enhance ATP production, and this provides an important mechanism for synchronizing energy production with the energy demands of Ca 2+ -activated processes during cell stimulation (excitation-metabolism coupling) [4, 5, 8] can prevent or temper influences of Ca 2+ on intracellular or plasma membrane channels [9, 10] . Alternatively, in some instances mitochondrial Ca 2+ uptake serves to compartmentalize Ca 2+ signaling in appropriate cellular domains, a concept termed ''firewall'' from studies of pancreatic acinar cells [11] . In addition, under certain conditions, uptake of Ca 2+ into mitochondria initiates a key step in the process of apoptosis through activation of the mitochondrial permeability transition pore, permitting escape of cytochrome c and other pro-apoptotic factors to the cytoplasm [12] .
On the surface, mitochondrial Ca 2+ handling seems rather simple. Uptake occurs through a channel termed a uniporter (from the Peter Mitchell nomenclature) and the rate of uptake depends upon driving force; this is considerable, as the process of electron transport in normally respiring mitochondria generates extremely negative transmembrane potentials across the inner mitochondrial membrane. This would ultimately lead to huge and potentially toxic levels of accumulated Ca 2+ in the mitochondrial matrix were it not for the action of separate mitochondrial Ca 2+ efflux pathways that are also coupled to the proton motive force developed by the respiratory chain. [14] . Surprisingly, Moreau et al. [13] found that Ca 2+ also appeared to inhibit its own uptake. Thus, uptake of Ca 2+ due to addition of 100 mM Ca 2+ was substantially impaired if preceded by exposure to 10 mM Ca
2+
. In contrast to the sensitization of mitochondrial Ca 2+ uptake, the Ca 2+ -dependent inactivation was not sensitive to calmodulin blockers. The ability of Ca 2+ to inactivate the uniporter may correspond to the phenomenon of desensitization of mitochondrial Ca 2+ uptake suggested in earlier studies [15, 16] . The uniporter appeared to be similarly sensitive to both activation and inhibition by Ca 2+ , with apparent Kds in the 10-20 mM range. This concentration range raises the standard mitochondrial problem of whether such Ca 2+ concentrations are seen by the mitochondria during physiological signaling. In agreement with an earlier study [17] , sometimes referred to as Ca 2+ oscillations, with durations ranging from less than a second to several seconds [20] . The delayed inactivation mechanism will thus permit mitochondrial matrix Ca 2+ to closely track these global signals, but will prevent excessive Ca 2+ accumulation if the intracellular Ca 2+ elevation is prolonged (Figure 1 
